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The  U.S.  Department  of  Agriculture  was  requested  and  funds  were 
allocated  by  the  U.S.  Department  of  Defense's  Air  Force  to  study  the  effects 
of  sonic  boom  on  reproduction  and  behavior  of  farm-raised  minks  as  part  of 
the  national  sonic  boom  evaluation  program.     Subsequently,   this  program  vzas 
transferred  from  the  U.S.  Air  Force  to  the  Federal  Aviation  Administration  of 
the  U.S.  Department  of  Transportation. 

The  cooperation  of  the  Harman  Fur  Farm  (under  contract)  and  the  Keel 
Farm  (by  employment)  of  Christiansburg,   Va . ,   in  furnishing  the  mink  and 
assistance  and  the  site  for  sonic  boom  tests,   respect ively,   is  gratefully 
a  cknow 1 ed  ge  d , 

A  complete  measurement  and  simulation  system  provided  by  the  NASA- 
Langley  Research  Center  and  the  autopsies  of  the  representative  group  of 
boomed  mink  kits  conducted  by  the  Veterinary  Science  Laboratory  of  Virginia 
Polytechnic  Institute  are  also  gratefully  acknowl edged . 

The  authors  wish  to  acknowledge  the  contributions  of  Roy  and  Phillip 
Harman;  Sally  Neel ;  Raymond  A.   Shepanek,  Deputy  Chief  of  Sonic  Boom  Staff }  FAA; 
and  Col.  John  P„  Taylor }  USAF  (retired) ,  Executive  Secretary,   Committee  on 
SST-Sonic  Boom,  National  Academy  of  Sciences. 
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THE  EFFECTS  OF  SIMULATED  SONIC  BOOMS  ON  REPRODUCTION  AND 
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H.  F.  Travis,   G.  V.  Richardson,   J,  R.  Menear,   and  James  Bond— 


The  U.S.  Department  of  Agriculture  was  requested  by  the  U.S.  Department 
of  Defense's  Air  Force  to  study  the  effects  of  sonic  boom  upon  gestation, 
parturition,  whelping,   and  early  kit  mortality  of  farm-raised  mink  as  part  of 
the  national  sonic  boom  evaluation  program.     Because  mink  are  generally 
considered  to  be  most  sensitive  to  external  stimuli  during  the  reproductive 
period,  booming  during  this  period  would  be  expected  to  give  the  most  critical 
indications  of  possible  harmful  effects. 


PROCEDURE 

During  spring  of  1967,   an  experiment  to  determine  the  effects  of 
simulated  sonic  booms  on  mink  was  carried  out  on  two  commercial  mink  farms  in 
Virginia.     The  experiment  was  designed  to  determine  the' effects  during  the 
periods  of  gestation,   parturition,   and  early  lactation  of  random  intermittent 
booming  at  pressure  levels  of  0.5  to  2.0  pounds  per  square  foot  overpressure. 

Mink  were  housed  on  two  commercial  mink  farms  near  Chris tiansburg,  Va., 
where  the  ambient  noise  level  was  what;  would  be  expected  in  a  quiet  rural  area. 
Mink  were  all-  from  the  R.oy  Barman  Fur  Farm  (HFF)  of  Chris tiansburg  and  were 
representative  animals  from  his  pastel  breeding  herd.     The  feeding,  handling, 
and  care  of  the  mink  were  all  supervised  by  Phillip  Ha r man,    in  order  that 
management  at  the  two  sites  would  be  as  nearly  identical  as  possible. 

Three  hundred  pastel  female  mink  were  used.     The  females  weie  bred 
between  March  2  and  24  (before  the  test)  according  to  Mr.  Barman's  routine 
breeding  practices.     Each  group  contained  approximately  one-half  yearling 
(virgin)  and  one  half  mink  2  years  of  age  and  older  that  had  previous  litters. 

The  first  farm  consisted  of  130  individual  pens   (HFF).  which  housed 
control  animals  and  were  part  of  the  regular  mink  farm  (figs.   1,   2).  The 
second  farm,  Neel  Farm  (NF),   approximately  7  miles  from  the  Barman  Faim,  was 
the  site  where  the  mink  were  boomed.     These  mink  were  housed  in  120  individual 
pens  in  an  open  shed  (NF)   (figs.  3,  4,   5,  6). 

The  mink  subjected  to  sonic  booms  were  confined  in  individual  cages 
along  the  east  and  west  sides  of  the  shed  that  had  no  walls  or  gable  closure. 

1/    Research  Animal  husbandman,  Animal  Husbandry  Research  Division; 
Biometrieian,  Biometrical  Service  Staff;  Agricultural  Engineer,  Agricultural 
Engineering  Research  Division;  and  Research  Animal  Husbandman,  Ani.mal 
Husbandry  Research  Division,  Agricultural  Research  Service,  USDA,  Beltsville, 
>id . ,  re s pec t ive ly . 
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Each  cage  was  3  feet  long,   1.5  feet  wide^   and  1.6  feet  high.     Top  and  ends 
were  of  1-  by  1.5-inch  wire  mesh;  the  bottom  was  of  3/8-inch  wire  mesh;  and 
the  sides  were  of  perforated  steel  sheet.     A  nest  box  of  1-inch  thick  board 
was  at  cached  to  the  inward  end  of  the  cage,   and  the  cages  'were  suspended  on 
wires  from  the  shed  rafters. 

An  airplane  moving  at  speeds  greater  than  the  speed  of  sound  actually 
creates  several  shock  waves.     These  waves  may  be  produced  by  the  nose,  the 
cockpit  canopy,   the  wings,   the  tail,   and  the  engine  air  inlets.     If  one  were 
standing  close  enough  to  the  point  of  origin  of  the  waves,   a  whole  series  of 
sonic  booms  could  be  heard.     However,   these  waves  tend  to  merge  until,   at  the 
distance  at  which  most  observers  hear  them,   there  are  only  two  waves  —  a  nose 
wave  and  a  tail  wave.     This  sound  wave  is  in  three  dimensions  and  is  analogous 
to  the  bow  wave  coming  off  a  boat  in  two  dimensions.     It  moves  along  with  the 
aii plane  just  as  the  wave  moves  along  with  the  boat.     The  bow  wave  reaches  the 
ground  first,   creating  a  sudden  but  slight  rise  in  atmospheric  pressure-- 
actually  about  one- thousandth  of  normal  pressure  of  the  atmosphere,  which  is 
2,116  p.s.f.  at  sea  level.     The  bow  wave  is  followed  almost  immediately  by  the 
tail  wave.     These  sudden  shifts  in  pressure  are  called  a  sonic  boom. 

Usually  an  observer  audibly  discerns  the  shock  wave  created  by  a  single 
aircraft  as  two  separate  pressure  pulses,   although  the  event  is  simply  one  of 
varying  pressure.     The  first  pulse "is  characterized  by  a  sudden  rise  in  pres- 
sure above  the  atmospheric  level  and  the  second  pulse  is  characterized  by  a 
negative  (with  respect  to  the  ambient  atmospheric)  pressure  excursion  ending 
with  a  rapid  return  to  atmospheric  pressure.     Measurements  of  real  sonic  booms 
show  that  the  pressure  distrubances  are  sometimes  more 'complex  than  a  descrip- 
tion of  the  event  as  a  positive  and  negative  pressure  pulse.     However 9  nearly 
all  real  sonic  booms  are,   in  a  gross  sense,   typified  by  at  least  two  pressure 
excursions  both  in  the  positive  direction.     The  first  is  a  rise  above  ambient 
pressure  and  the  second  is  the  return  to  ambient  pressure  from  below.  The 
effect  of  this  form  of  pressure  signature  on  the  oar  can  be  simulated  by 
acoustic  devices. 

A  simulated  sonic  boom  for  this  experiment  was  generated  by  a  unique 
device  2/  3/  consisting  of  a  large  exponential  horn,   into  which  two  charges  of 
compressed  gas  were  released  sequentially  by  time-controlled  rupture  of  two 
diaphragms.     Output  was  controlled  by  pressure  of  the  driving  gas,  nature  of 
diaphragm  material,  and  distance  of  subjects  from  the  horn.     These  were  ade- 
quate to  establish  an  overpressure  gradient  between  specif led ( limits  of  0.5 
and  2.0  p.s.f.  through  the  length  of  the  mink  shed, 

2/    Ling-Temco-Vought,   Inc.,   Instruction  manual  for  sonic  boom  simulator 
(Unpublished.)     LTV  P.e search  Center,  Western  Division,  Anaheim,  Calif. 
February  2  7,  1967. 

3/    NASA- LTV  Sonic  boom  simulator.     (Unpublished.)  NASA-Langley 
Research  Center,  Hampton,  Va.     March  13,  1967. 
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Figure  1. --Overall  view,   Ha r man  Fur  Farm 


Figure  2.     Detail  of  pens  and  nest  boxes.     Harman  Fur  Farm. 
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Figure  3.  ••  -Simulated 


sonic  boom  device  with  mink 


miriK  shed  in  background 
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Figure  4. --Cross 


section  of  shed  for  simulated  b 


oom  exposure. 
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The  recorded  wave  shaoe  of  the  e-imni a*-^A  u 
resembles  that  of  a  typical  real  boo™  on  v        1  18  8h°"n  in  fi§ure  7-  " 

positive  pressure  excursions  starting  SL  t^L  ^  ^ures-two  rapid 

included  a  full  alternation  cycle  within  about  8  msec    T'  *~*  ^ 

which  departed  from  ambient  pressure  by  about  1  15  t^' ^  ^gative  peak  of 
The  simulated  boom  pulse  thus  included  three  ra^  Peak  Pos*"ve  value 

the  single  excursion  of  the  typical  rear  ^1 t?/      ilT  ^cu58ions  '"her  tha 
third  excursions  were  of  lesser  rise  rate    Tft^    '  ait*°'JSh  the  second  and 
of  small  amplitude  and  lengthening  period"  c  T"  1       ***  "«*  C>'cles 

in  a  total  time  of  31  msec      The  2    ' , each  Pulse  '»  s  essentially  complete 

in  both  pea,  pressure  ZTk^S^jSZ  t    TSf1'^^  ^ 
considerable  noise,  a  f regency  of  about' 485  hertf  wj    ^  £^7 

mixture  01  higher  freouenp-i pq      vv.^  „ n-  , . t  „ .    ,  ,  ° J-t;L11-^ 

&        j-icquencies,     ine  simulated  boor,  frswroo.-i 


as  was  a  mixture  or  higher  freauencieq      t>,«  c-.wi.n-    i  £   l-iUll0iU!L: 

shed  at  sonic  speed  and  decayed  in  form         w    f    1  °"  traversed  the  mink 
of  the  shed,  pressure -rise  rat-  of  IZ  %<t .  as.Pea-  pressure.    At  the  front 

1?  P  s  f    per  mseT    J  IL  St  excunsicn  ^s  recorded  as  about 

1/  p.s.t.  Per  msec,  at  the  rear  it  was  only  0.25  p.s.f.  per  msec. 

p.s.f.  iti  son:0r?r:"SLnd-rouf  ?e  shed  (fig- «  ran^  ******  «  «°*  *.o 

the  rise  in  overpressure  and  it,   w  b°°m  18  instantaneous.  Both 

hundredths  of  a  Second      £f  ^,df^.fre  very  rapid  and  can  be  measured  in 

subranges"^  overpre tre  "or  tt  ef8  •  **!  f1?"*  into'  fchird*  t0  Siva  three 
1.56,  0  91     and  0  60  I  I  f  eXperirf  n,tal  design.     The  means  of  these  were 

'I  '.    lf  °-60  p-s-f-     Intensity  of  the  simulated  htronr was  monitored  V-  1 

for  tuning8,  IpHfying"  "d  recording    f  ^Tf0"68''  — ciatcd  unit!  ' 

seven  grouPsXaccord"rf  tff  ^  T  *,S  .foll<»'£:    Mlnk  were  ™'<*<*>ly  divided  into 
->  groups  according  to  age  and  subjected  to  the  following  treatments: 

n\  ?n  fCmaileS'  mai»tained  at  HFF;  not  boomed  or  moved. 

test^Sifl)!  "ZlT^r  ™WCd  «*  — d  — -P-  -  start  of 

felg^rtd  7£t?ltat«Tl™f         ~d  -  ^  — 

O)  60  females,  moved  from  HFF  to  W  April  8;  boomed  eight  times  bar  dav 
during  pregnancy;  and  returned  to  HFF  April  18  P  3 

(6)  60  females,  moved  from  HFF  to  NF  on  Anrfl   iq  an4  v         ,     .  , 
day  durins  the  lato  apo.^-.  A    £  ?      P  d  boomed  eight  times  per 

m  fin  r    i  gestation  and  whelping  period. 


8 


ARS  44-200 
June  1968 

THE  EFFECTS  CF  SIMULATED  SONIC  BOOHS  ON  PJ2PR0DUCTION 
AKD  BEHAVIOR  OF  FAI»t~RAISED  MINK 


Errata  Sheet  for  Pa«*e  9 


The  statistical,  model  as  given  on  Pa^e  9       misprinted  ?.nd  ohculd  reaa  as  follows 

^jktapa  "  U  *  h  *  hj     Cijk"+  Di3W.'+  Eira  +  "ten  +  D£>'%  *  teter" 

actions  -of  Days    with  A.  through  F.      +  e...... 

p  i  w'      imn  ijklmnpq 

A^  «  control  females  not  subject  to  booms  vs.  boomed  females  that  were  subject 
to  booms. 

B,  .  «  control  females  that  were  moved  vs.  control  females  that  were  not  moved, 
ij 

C.  ,<   «  control  females  that  were  moved  once  vs.  control  females  that  were  moved 


3-1 


twici 


^i1M  ~  control  females  moved  only  on  the  first  wove  vs.  control  females  moved 
only  on  the  second  move. 

E.    *  boomed  females  that  were  boomed  only  one-half  of  the  time  vs.  boomed 
females  that  were  boomed  the  entire  time. 

*?imn  *  doomed  females  boomed  during  the  first  one-half  time  vs.  boomed  females 
during  the  latter  one-half  time. 


DAYS 

P 


-  effect  of  days  1,  5  and  10 


Starting  April  25,   all  females  were  observed  to  determine  whether  or  not 
they  had  whelped.     Each  female  was  alsp  observed  the.  day  after  birth  of  the 
kits  and  at  5  and  10  days  after  whelpinfg  to  determine  the  number  of  kits  born 
alive  and  dead,  and  mortality  after  whelping.     Observations  were  discontinued 
11  days  following  the  whelping  of  each  litter.     Representative  kits  that  died 
from  the  boomed  mink  groups  Were  autopsied  to  determine  the  cause  of  death. 

The  daily  booming  of  the  mink  was  initiated  on  April  8,  when  the  first 
mink  were  taken  to  the  Neel  Farm,  and  was  discontinued  June  1.    Mink  were 
boomed  four  times  between  0930  and  1130  and  four  times  between  1300  and  1530. 
The  times  were  picked  at  random  with  no  less  than  10  minutes  between  booms. 

The  statistical  procedures  were  as  follows: 
The  data  collected  on  the  number  of  live  kits  at  1,   5,   and  10  days  post  whelpin 
were  subjected  to  analyses  of  variance  using  unequal  subclass  number  techniques 
as  described  by  Harvey  5/.     Three  separate  analyses  were  used  and  will  be 
referred  to  hereafter  as  analysis  I,   analysis  II,   and  analysis  III. 

Analysis  I  included  all  females  on  the  experiment  whether  they  whelped 
or  not.     The  least  squares  model  was  as  follows: 

Y.  .,  ,         srli+A.  +  B.  J  *  C.      +  D.     -  +  E.     +  F.      +  Days    +  C  I:  •     -  '  1  : 
ijklmnpq         i        ij        ijk        ljkl        lm        lmn  p 

0>  .  .-fexiv:  ^     f.     v.  •  I 

all  two-way  interactions  of  days    with  A?  through  F-  +  e..,  .. 

J  p  *■  i*»n  ljklranpq 

-Yrv,  n     -<       litter-- si?. e-cf -an-  i'jdivicVu?  3  female.- 
•"x^klmnpq 

A.  -  control  females  not  subject  to  booms  (.\!)  vs.  boomed  females  that  were 

subject  to  booms  ('2). 

B.  .  -  control  females  that  were  moved  vs.  control  females  that  were  not  moved. 

C.  ,,    -  control  females  that  were  moved  once  vs.  control  females  that  were 

move a  twice. 

D.  ..,  1   -  control  females  moved  only  once  on  the  first  move  vs.  control  females 

moved  only  once  on  the  second  move. 

E.  -  boomed  females  that  were  boomed  only  one -half  of  the  time  vs.  boomed 
itn 

females  that  were  boomed  the  entire  time. 

F.  -  boomed  females  boomed  during  the  first  one-half  time  vs.  boomed  females 
i  mn 

during  the  latter  one -ha If  time. 
Days     -  effect' of  days  1,  .r>,   and  10 . 

-       P  J  3  J 

Each  female  was  observed  on  days,   1,  5,  and  10.     Therefore,   to  measure 
the  effects  of  days  and  all  interactions  involving  days,   the  individual  animal 
effects  should  be  removed.     All  other  effects  are  measured  from  different 
females  and  cannot  be  adjusted  for  animal  differences.     Thus,   there  are  two 
error  terms,  the  among  animal  variation  and  the  within  animal  variation.  The 
effects  of  A.   through  F.      were  ad lusted  for  all  effects  in  the  model  and  the 

5/    Harvey,  W.  R.     Least  squares  analysis  of  data  with  unequal  subclass 
numbers.    U.S.  Dept.  Agr.,  Agr.  Res.  Serv.,  ARS  20-8,   157  pp  1950. 
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F-ratio  test  included  the  among  animal  error  as  the  denominator.     The  day 
effects  and  interactions  with  days  were  adjusted  for  all  effects  in  the  model, 
as  well  as  the  individual  animal  effects  and  the  within  animal  error  was  used 
as  the  denominator  in  the  F-ratio  tests. 

The  model  in  analysis  II  was  exactly  the  same  as  analysis  I  and  the  same 
discussion  applies.     Different  data  were  used  in  that  analysis  II  included 
only  those  females  that  had  whelped.     Since  the  proportions  of  females  that 
did  not  whelp  were  not  abnormally  high,   it  was  felt  that  this  analysis  was 
necessary  for  a  more  complete  evaluation  of  the  litter  sizes. 

Analysis  III  was  utilized  to  determine  the  effect  of  adjusting  the  5-  and 
10-day  litter  sizes  for  the_initial  litter  size  (day  1),     This  was  accomplished 
by  adding  a  covariate  (b(X-X)  the  regression  of  litter  size  (5  and  10  days) 
on  initial  size  (day  1)  to  the  analysis  I  model.     The  use  of  thjLs  analysis  was 
to  take  into  account  the  natural  occurrence  of  larger  probabilities  of  losses 
in  the  larger  litters.     Data  subjected  to  this  analysis  were  those  for  the 
females  that  had  whelped. 


RESULTS 

A  summary  of  reproduction  data  is  shown  in  table  1  and  results  of 
pertinent  statistical  analyses  are  shown  in  tables  2,   3,  and  4.     The  difference 
between  the  analysis  of  productivity  per  female  on  experiment  and  the  analysis 
of  productivity  per  female  whelping  is  that  the  first  analysis  takes  into 
consideration  the  females  that  did  not  produce,  and  thus  is  an  evaluation  of 
overall  production.     The  analysis  of  productivity  per  female  whelping  is  an 
evaluation  of  litter  size. 

The  average  production  per  female  kept  for  pastel  mink  on  the  Harman  Farm 
was  3.92  in  1962,  4.04  in  1963,  4.02  in  1964,  3.32  in  1965,  and  3.85  in  1966. 
Production  was  lowered  in  1965  because  of  inadvertent  feeding  of  spoiled  feed 
at  whelping  time. 

Average  production  of  2,276  pastel  females  on  11  farms  in  Manitoba  was 
recorded  by  Kirk  j3/ .     The  average  number  of  kits  per  female  kept  on  the  dif- 
ferent farms  varied  from  2.4  to  5.2  with  a  mean  of  4.0.    The  average  litter 
size  varied  from  3.7  to  5.7  with  a  mean  of  5.0  kits  per  litter.     The  percentage 
of  females  producing  litters  varied  from  75.0  to  93.7  with  a  mean  of  80.8. 
Thus,   it  would  appear  that  the  overall  production  of  the  mink  used  in  this 
study  was  comparable  to  the  normal  production  reported  by  Kirk  (3.8  kits  per 
female  kept,   average  litter  size  4.5,  and  85.7  percent  whelping).     Since  all 
groups  of  mink  were  bred  in  a  similar  manner  before  the  moving  or  booming  was 
initiated,  the  production  of  kits  per  female  whelping  is  considered  to  be  a  - 


6/    Kirk,  R.  J.    Manitoba  Mink  Production.     American  Fur  Breeder  38(7): 
11.  1965. 
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more  valid  criterion  of  reproductive  performance  in  this  experiment .  The 
regression  analyses  of  'the  Litter  size  of  5  and  10  days  on  the  litter  size  at 
1  day  were  conducted  because  of  the  higher  mortality  normally  expected  to  be 
associated  with  litters  that  were  initially  larger. 

When  the  productivity  of  all  the  boomed  mink  were  compared  against  that 
of  the  unboomed  mink  (table  1,  groups  1,  2,   3,  4  against  5,  6,  7)  production 
was  significantly  greater  (table  2)  in  the  groups  that  received  the  sonic  boom 
when  calculated  on  the  basis  of  kits  per  female,  on  experiment,  but  not  on  the 
basis  of  kits  per  female  whelping.     The  litter  sizes  were  not  statistically 
different.     However,   94  out  of  120  control  females  whelped  78  percent;  whereas 
163  out  of  180  boomed  mink  whelped  91  percent.     This  is  the  reason  for  the 
statistically  significant  difference  in  productivity  when  measured  on  the 
basis  of  females  on  experiment. 

,-As  would  be  expected  there  was  a  significant  difference  between  days  on 
all  analyses.    'This 'was  because  .there  were  fewer  kits  at  10  days  than  at  1  day,, 

'There  was  no  ^statistically  significant  difference  hetween  the  .groups 
that  received  different  intensities  of  the  sonic  boom  (table  i). 

In  the  analysis  of  variance  of  production  per  female  on  experiment  and 
the  analysis  of  production  per  female  whelped,  interactions  of  the  control. vs. 
boomed  "by  days  and  'boomed  one-half  vs.  boomed  all  by  days  *were  significant 
(table. 2).     These  interactions  indicated  that  the  boomed  mink  (table  1,  group 
5,   6,  7)  had  a  greater  mortality  between  birth  and  10  days  than  the  mink  in 
the  coa.tro.1  group  J.,,  .2,  3,  4.     They  also  indicate  that  mothers  boomed  during 
the  entire  ^period  (table  1,   group  7)  had  a  slightly  greater  kit  mortality  than 
the  mothers  boomed  during  only  one-half  of  the  period,    (group  5,  6). 

.It  ihas  been  •demonstrated  7/  that  larger  litters  tend  to  decrease  more 
as  tines  passes..    'The  litter  average  at  day  one  for  these  groups  w^.s  as  follows: 
Boomed  4.8,  not  boomed  4..B,  boomed  entire  period  4.9  and  boomed  half-time  4.6. 
In  order  to  compensate  for  .the  differences  in  initial  litter  size,  a  covariance 
analysis ^was  conducted.     This  too  indicated  (tables  1  and  4)  that  the  mortality 
in  the  mink  boomed  'during  the  whole  booming  period  was  significantly  greater 
than  those  boomed  -only  one-half  of  the  time. 

These  results  raised  the  question  whether  or  not  there  might  be__  a   

location  effect  (general  .environment  on  'the  Harm  an  vrs.  Keel  farms)  aside  from 
the  effect  cof  the  -sonic  'boom  itself.     It  was  impossible  to  make  a  comparison 
because  it  is  impossible  to  have  boomed  and  control  animals  at  the  same  loca- 
tion.    The  kit  mortality  on  the  Keel  Farm  was  higher  £han  that  of  the  Harman 
Farm  (table  1  groups  '6,   7  vs.  groups  1,  2,   3,  4,  5).     However,  we  are  again 
faced  with  the  problem  that  this  was  primarily  caused  by  losses  in  group  7 
(boomed  .all  the  time  at  the  Neel  Farm).     The  kit  mortality  in  group  7  was  15.5 
percent.     Losses  -in  group  6,  which  also  whelped  at  the  Neel  Farm  were  6.5  percent, 

T)    Jchannson,  I .    Minkens  Fort  Planting..     Vara  Palsdjur  11:  73-77.  1940. 
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PER  FEMALES  THAT  WHELP 


A,  Control  vs.  boomed    

B,  Moved  vs.   not  moved  ---   7  0.011  N.S. 

(within  control)  1.803  N.S. 

C,  One  move  vs.   two  moves    i 

(within  control)  -865  N.S. 

D,  First  move  vs.   second  move  -   i 

(within  control)  -240  N.S, 

E,  Boomed  one-half  vs.  boomed  all  -  ~  i 

(within  boomed)  -COO  N.S . 

F>  Boo^d  early  vs.  boomed  late  -----  i 

(within  boomed)  -031  N.S. 


ijcj-y  >-•   ■  ■-  

A  x  days    ZZZZ  I  13.935  <0.005 

B  x  days     1  2.799  .06 

C  X  days   _   1  .691  N.s. 

D  X  days     III""  ?  -3°5  N.S. 

E  X  days    _.                       *  ~  1  .848  n.s 

F  X  days   Z ZZZ ZZZ  \  5-87l  <0.005 

Within  animal  error   ....  \  nn  .158  N.S. 

    S .  GO  n  o  rvnc 


ignificant  differences  at  .pTo^abiU 
14 


TABLE  3.- 


-Least  squares  analysis  of  variance  of  effect  of  intensity  of  boom 
on  live  kits  per  female  that  whelp 


Item 


Degree  of 
freedom 


Mean 
Squares 


Sig.l/ 


A}  Boomed  one-half  vs.  boomed    1  0.035  N.S. 

entire 

Boomed  second  half  vs.   first  --  1  .668  N.S. 
half 

I j   Intensity    2  .235  N.S. 

A  X  I  ---  --  2  .282  N.S. 

B  X  I       2  .968  N.S. 

Animal  error   136  10.597  90 

Days  -  ---  ---  2  11.385  <0.005 

A  X  days   -   2  5.409  .005 

B  X  days    2  .251  N.S. 

I  X  days  -  ■    4  .430  N.S. 

A  X  I  X  days  -   4  .393  N.S . 

B  X  I  X  days     4  .821  N.S. 

Within  animal  error     272  0.3818 

1/    N.S.   indicates  no  significant  differences  at  probabilit}'  levels 

<0.10. 


TABLE  4. --Covariate  analysis  with  regres 

rT"ip>    nninhpT*    r>f"   ki  i'^    at    S   pnn    1  0 

s i o n  of  numb e r 
d  ays 

of  kits  at  1 

day  on 

Degree  of 

Item  freedom 

Mean 
Squares 

F 

Sig.l/ 

A;   Control  vs.  boomed    1 

2.278 

N.S. 

B,  Moved  vs.   not  moved    1 

(within  control) 

1.284 

N.S. 

One  move  vs.   two  moves    1 

(within  control) 

0.136< 

N.S. 

First  move  vs.   second  move    1 

(within  control) 

1.130 

N.S. 

E,  Boomed  one-half  vs.  boomed  all-  1 
(within  control) 

5.086 

0.025 

F,  Boomed  early  vs.  boomed  late  --  1 
(within  control ) 

0.072 

N.S. 

G.  Regression  on  the  no.   of    1 

live  kius  at  day  J. 

1094.680 

<0.005 

1  .  J  -  !■  o  / 

Day  d  vs.  cay  iu  ^aays^  

/,     O  O  o 
H  .  V  /  O 

U  .  U  J 

A  a  clays  —     — 

Q  "ill, 

n  n  c 
U .  \jj 

r>  a  cays   ■  ■  

r\   o  /,  o 

N.S. 

u  .  U  /  j 

N  .  o  , 

D  X  days   

0.208 

N.S. 

E  X  days  

7.093 

0.01 

F  X  days   •  -  i; 

0.389 

N.S. 

Within  animal  error     250 

0.1112 

1/     N.S.   indicates  no  significant  differences  at  probability  levels 


<0.10. 


16 


I 


compared  to  a  range  of  from  2.9  to  13.6  percent  losses  of  mink  whelping  on  the 
Harman  Farm.     However^   overall  production  at  10  days   (kits  per  female  on 
experiment)   in  group  7  was  3 .9 .     By  this  method  of  evaluation  the  production 
was  higher  on  the  Keel  Farm  (4.4)  than  on  the  Harman  Farm  (3.7)  and  higher  for 
the  boomed  mink  (4.0)   than  for  the  mink  net  boomed   (3.6).     Mink  boomed  during 
one-half  of  the  period  had  an  overall  production  of  4.1,   compared  to  3.9  for 
those  boomed  early  and  late. 

There  did  not  appear  to  be  any  noticeable  changes  in  behavior  of  the 
mink  in  response  to  the  booms.  When  mink  were  boomed  for  the  first  time,  a 
few  of  them  responded  by  coming  out  of  their  nest  boxes  or  moving  around  in 
the  pen  in  a  manner  to  convey  interest  in  what  caused  the  noise.  There  was 
no  response  at  all  in"  the  majority  of  the  animals.  There  was  no  racing  up 
and  down  the  pen  or  squealing  that  is  usually  indicative  of  a  high  state  of 
agitation  in  mink.     No  abnormal  behavior  was  observed  throughout  the.  experiment. 

Autopsies  on  the  representative  group  of  boomed  mink  kits  found  dead 
(42  of  60)  were  conducted  by  the  Veterinary  Science  Laboratory  of  Virginia 
Polytechnic  Institute.     Nothing  was  observed  that  could  be  attributed  to  the 
effects  of  the  sonic  boom. 


CONCLUSIONS  AND  SUMMARY 

During  spring  of  1967,   a  study  was  conducted  by  the  Agricultural 
Research  Service,  U.S.  Department  of  Agriculture,   in  cooperation  with  the 
U.S.  Department  of  Defense's  Air  Force  (later  transferred  tc  Federal  Aviation 
Administration  of  the  U.S.  Department  of  Transportation)  on  two  commercial 
mink  farms  in  Virginia  to  determine  the  effects  of  sonic  booms  by  simulation 
upon  pregnancy,   parturition  and  early  kit  mortality  of  farm-raised  mink.  The 
sonic  booms  were  simulated  by  a  compressed  air -booming  device,  which  produced 
overpressures  in  the  general  range  of  magnitude  of  0.5  to  2.0  p.s.f.  The 
simulated  booms  were  initiated  on  April  8   (after  breeding)  and  terminated 
June  I   (after  youngest  kit  was  11  days  old) . — Three  hundred  breeding  pastel 
females  and  over  1,250  kits  were  used.     The  results  were  as  follows: 

(1)  Kit  production  per  female  on  experiment  for  the  mink  receiving  the 
sonic  boom  treatment  was  statistically  higher  than  that  of  the  control  (724- 
live  kits  at  10  days  from  ISO  females  for  an  average  per  female  kept  of  4, 
compared  to  427  live  kits  from  120  females  for  an  average  of  3.6).     This  was 
primarily  because  of  higher  percentage  of  females  whelping. 

(2)  The  percentage  of  females  whelping  was  91  percent  for  the  boomed 
mink  compared  to  78  percent  for  mink  that  did  not  receive  the  boom. 

(3)  On  a  basis  of  kits  per  female  whelping,   the  mink  receiving  the 
sonic  boom  treatment  had  slightly  smaller  litters   (not  statistically 
significant)  at  10  days   (4.4  kits  per  female  whelping  compared  to  4.5  kits  per 
female  whelping  in  the  groups  not  boomed). 
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